With increasing automation, occupants of fully autonomous vehicles are likely to be completely disengaged from the driving task. However, even with no driving involved, there are still activities that will require interfaces between the vehicle and passengers. This study evaluated different configurations of screens providing operational-related information to occupants for tracking the progress of journeys. Surveys and interviews were used to measure trust, usability, workload and experience after users were driven by an autonomous low speed pod. Results showed that participants want to monitor the state of the vehicle and see details about the ride, including a map of the route and related information. There was a preference for this information to be displayed via an onboard touchscreen device combined with an overhead letterbox display versus a smartphone-based interface. This paper provides recommendations for the design of devices with the potential to improve the user interaction with future autonomous vehicles.
INTRODUCTION
Automated driving is receiving increased attention due to technology developments, investments, early deployments and media coverage. There is the tendency to consider six levels of vehicle automation, from zero, where the driver is fully responsible for driving, to five, where an automated driving system is capable of handling all driving in all circumstances [23, 56] . Autonomous Vehicles (AVs) have the potential to increase mobility, improve road safety, reduce traffic, eliminate the burden of driving, use less energy, and reduce costs related to transportation [12, 64] . However, there are hesitations towards the adoption of these vehicles [18] and even long-term projections indicate modest adoption of fully AV technologies [1] . In addition, the extent of the potential benefits depends on the level of automation implemented.
It has been suggested that dedicated automated driving systems could cause a remarkable increase in accessibility [43] , benefiting those unable to drive and living in remote locations. However, additional benefits such as less traffic, less emissions and lower costs will require the implementation of schemes providing shared vehicles and ride shares [29] . The introduction of mobility as a service could challenge the current model of car ownership. AVs could be at the centre of schemes of shared ownership and ridership, with the potential to reduce costs per distance travelled and the number of vehicles needed to provide the required transportation [39] . Projections show that up to nine privately owned vehicles could be replaced by one shared autonomous electric vehicle [9] . Further developments of these schemes include the implementation of dynamic ride sharing, which could reduce costs. The combination of savings, travel time and waiting time may determine the use and acceptance of shared rides [29] . Therefore, it is important to understand the user acceptance of the specific vehicles which users can share.
Proposed vehicles of the future could be available by demand, provide "last mile" transportation and be shared [46] . Early tests have been performed with AVs to transport passengers on the last mile of their journeys. It is possible to optimize scheduling and dispatching services to improve efficiency [15] and promote sustainability via mode shift from private to public means of transportation [47] . One study demonstrated a prototype for last mile transport capable of negotiating traffic and pedestrians in dynamic environments [11] . This vehicle could be booked via a smartphone application, but user perceptions were not measured. One survey of users of autonomous garden golf cars fitted with control screens focused on safety and comfort [53] . One extensive study of users of short distance AVs focused on how the vehicle should communicate intention to pedestrians and cyclists via external human-machine interaction [41] . These vulnerable road users still want to have priority over AVs on shared public spaces, and external communication can minimise the possibility of conflict when both have to share the same environments [13] .
There is a growing body of research among the Automotive User Interface community to understand several aspects of user interaction with AVs [31] . A number of challenges and questions are frequently discussed but still need to be addressed, such as the ergonomics of interactions with a vehicle, situation awareness, acceptance, trust and ethical issues [42] . Trust in automation is a recurrent topic of research [25, 51] , and is characterised by the relation between two agents, one with expectations that the other will help towards the achievement of goals, especially in situations of uncertainty and vulnerability [45] . There have been a number of attempts to measure or improve trust in AVs in recent years [35] . One large scale survey indicated that user acceptance and user experience tends to decrease as the level of automation increases [55] . As passengers expect to have lower levels of control with more advanced AVs, they also report decreased fun and less trust in the technology. Ethnographic research and interviews are also used to understand experiences, attitudes and perceptions of trust in relation to AVs [36] . It is important to calibrate drivers' trust in the systems to match the true capabilities of the vehicles and set appropriate levels, given that overtrust can result in failures [27, 45] . Drivers tend to delegate full control to vehicles and engage in other activities, even when knowing that the car does not provide full autonomy [34] .
There are numerous studies examining communication methods between automated agents and users or other colocated people. A thorough literature review lists current strategies for signalling machine behaviours, and indicates numerous challenges to be addressed [8] . There are usually multiple interfaces aboard vehicles, both embedded displays and brought-in devices, which provide a range of services such as navigation instructions or non-driving related information [3, 4] . Previous research evaluated how different sized screens affect the driving experience in an attempt to understand whether mobile phones are adequate interfaces for presenting real-time safety information [14] . Their results show that users glanced at small screens for longer than larger screens. This can be a safety risk when occupants are in charge of the driving functions. Diverse interfaces with the potential to improve the utility of automated systems have also been tested [40] .
If an AV signals its actions and intentions or communicates its state to users, it can improve trustworthiness and acceptance [8] . To increase trust, the intelligent vehicle could inform its intentions and short term plans to occupants, either through explicit messages or ambient displays [24, 37, 57] . Trust in autonomous driving may be increased by adding interfaces showing the car's interpretation of the environment and allowing users to forecast its behaviour [10] . One recent study showed that a map of the environment, similar to those currently used by driving assistants, improved participants' trust, fostered feelings of safety and improved the user experience [21] . The design of an interface which communicates the automation reliability is particularly useful for conditions where drivers have to take back control of the car, for example, during failures or situations where the system is unable to handle the situation [49] .
With increased automation, the occupant of the vehicle will be disengaged from the driving task and therefore may need to see less potential hazards [22] . However, even with no operational or tactical aspects of driving required, there are still strategic tasks [44] that will require interfaces between the vehicle and occupants. It is not clear whether screens will have to be provided for occupants so they can track the progress of the journey and receive additional information. Since trust in automation decreases as the levels of automation increases [55] , and information can improve trust [8] , there are opportunities for research to investigate the relationship between trust and the interfaces available for occupants of AVs. 
Aims
The aim of this study was to understand the influence of using different devices and screens to display information and control the destination of the vehicle. In particular, we explored trust, usability, user experience and workload in the relationship between the passenger and a fully AV. The intention was to evaluate the impact of using a personal device to control the journey compared to onboard devices. The research questions used to guide this study were the following: What are the preferred interfaces for receiving trip-related information and controlling journeys in AVs? Why do participants prefer one interface to another?
METHODS
Experiments were performed in the Urban Development Lab in Coventry, UK, consisting of a large warehouse fitted with partitions decorated to resemble brick walls and curtains with projections portraying shop fronts (Figure 2 ). The environment was created to simulate pedestrianised areas in a town centre. Participants were invited to be passengers in a level 4 AV (Figure 1 ), meaning that the vehicle is capable of handling all driving functions under certain circumstances [23, 56] . There are no pedals or steering wheel in the test vehicles (named 'pods'), and the occupant has no control of the vehicle beyond an emergency-stop button. Participants were asked to consider that the pods used in this study were prototypes, which would operate in pedestrianised areas and allow passengers to make short journeys. For example, a passenger may make a trip of around one km from the train station to a supermarket or the cinema.
The recruitment of participants was made via internal emails sent to employees of a large car manufacturer based in the UK. We targeted only personnel working on administrative activities, largely avoiding those with the engineering and design of vehicles as their main jobs. By so doing, we intended to minimise previous knowledge, experience and biases towards AVs and automotive user interaction. We had twenty participants (five females) joining this experiment, with ages from 18 to 54 (M = 36).
Before starting the experiment (Figure 3 ), we briefed participants the aims of the study, informed them of the fact that the study required video and audio recordings, and requested informed consent. They also received an induction to the arena and an overview of the risks and safety features of the pod. If they felt uncomfortable at any time, including during the actual runs, they could notify one of the trial coordinators at any time using a radio communicator. Participants could also stop the pod by pressing one of the emergency stop buttons fitted in the vehicle, but none did so. A "walkie-talkie" personal radio was placed inside the pod to relay instructions between study subjects and the researchers in the control booth.
Participants had to interact with interfaces to control the destination of the vehicle during the experiment. The three study conditions were (1) a mounted tablet with a "letterbox" overhead display fitted in the pod ( All users made three journeys in the pod, counterbalanced to experience the journeys in different order. The information displayed on the phone and tablet included a map of the arena with the different shops, the position of the pod as it drove through the specified route, and the expected time of arrival (ETA) ( Figure 7 and Figure 8 ).
The experiment included a "wizard of Oz" interaction [60] , in which participants believed that they were controlling the robotic vehicle in real time via the interfaces. Although the pod is a fully autonomous level 4 vehicle, the initial and final positions were controlled by the experimenters and coordinated with the operators of the pod systems behind a black mirror. The phone and tablet applications contained animations of maps, which were timed to match the vehicle's pre-defined route, and the operators would remotely start and stop the vehicle at specific times and locations according to user actions. Although deceptive, this technique is frequently used to test computational systems and AVs that are not yet actually autonomous [17, 62] .
The first task was to book the pod. Whilst still in the waiting area outside the arena, participants tapped on the specific button on the mobile device to call the pod. Participants were then asked to set the trip to Morrisons [a supermarket in the UK]. We then escorted the participant to the trial arena and into the pod, which was parked at the starting position. Once they were seated in the pod, the second task for the participant was to start the journey using the available device. The pod was remotely started in sync with the participant's input. After a few minutes, participants were given another task to complete. Using the radio, they were asked to use the available interfaces and devices to tap 'Update journey' to change the destination of the pod ( Figure  7 ). We instructed participants with the following line: (Figure 8 ). This was the final position for the current run.
Each session lasted five minutes, and after participants completed each session, a researcher escorted them to a desk where they completed questionnaires. One of the instruments evaluated trust in the technology they just interacted with, and was based on existing questionnaires for evaluating trust in autonomous systems [25, 58] . The trust scale contains twelve items assessing concepts such as security, dependability, reliability and familiarity. Another questionnaire was the System Usability Scale (SUS) [6, 7] , an established questionnaire to measure usability of technological systems. The SUS consists of ten statements (for example 'I thought the system was easy to use') on a five point scale (from strongly agree to strongly disagree). One additional measurement was implemented to measure the participants' experience whilst in the pod. Questions were based on the Advanced Transport Telematics survey [33] , which have pairs of adjectives on a five point scale (e.g. useful/useless, pleasant/unpleasant, bad/good). We also administered the NASA-TLX (Task Load Index) [20] , a survey to understand the perceived workload following specific tasks. This questionnaire evaluates mental, physical and temporal demands, performance, effort and frustration, and is commonly used to evaluate automotive interfaces [4] . Quantitative data from these surveys were analysed using SPSS software packages for the evaluation of variance and statistical significance from the three group conditions. At the end of the trial, fifteen of the twenty participants (four females) were interviewed using a post-experience, semistructured questionnaire. The remaining five interviews were not recorded due to technical mishaps. Participants were asked a few open-ended questions about the journeys in the pod and their expectations from the interfaces. Using a postexperience semi-structured interview [16] , we asked them to describe their overall experience, comment on devices available to them, evaluate the different interfaces used during the study and describe their level of trust in the pod.
The interviews were transcribed in full. The qualitative data was coded in themes and classified using QSR International NVivo software. This information was organised to allow a process of customary thematic analysis, when the concepts developed by participants could be tagged into nodes or units of information, grouped and ranked by importance and frequency [5] . The final stage of this study was a debrief session in which we disclosed the hidden details of the study and answered participants' questions. On average, the experiment lasted around one hour per participant. Table 1 presents aggregated results of the quantitative measurements used during this study. When analysing results from the System Trust Scale [25] , the results show a rather high level of trust in the vehicle, with rankings from all three conditions above 60 points on a scale from 12 to 84. However, a repeated measures ANOVA determined that the effect of the three device configurations on rating of trust was non-significant (F(2, 38) = 0.396, p = 0.676) (Figure 9 ). It indicates that the device configuration setups in the study did not affect self-reported trust in the system. When evaluating data from the System Usability Scale [6] , we can see that responses were above 80 out of 100. A SUS score above a 68 would be considered above average, and on the 'acceptable' level. However, a repeated measures ANOVA determined that the effect of device configuration on rating of usefulness was also non-significant (F(2, 38) = 1.769, p = 0.184) (Figure 10) . Therefore, the different device configuration setups in the study did not affect ratings of system usability.
RESULTS

Trust, usability, experience and workload
Participants' perceptions of usefulness with the different conditions during the study were evaluated via the Advanced Transport Telematics survey [33] . A repeated measures ANOVA determined that the effect of device configuration on rating of usefulness was significant (F(2, 38) = 3.962, p = 0.027). Pairwise comparisons revealed two statistically significant differences. Tablet + screen was rated higher than Mobile + screen (p = 0.03). Mobile (alone) was rated higher than Mobile + screen (p = 0.041) (Figure 11 ). Therefore, an onboard device for selecting destination combined with a secondary information screen was found to be more useful than a mobile phone for destination selection combined with a secondary information screen. A mobile phone for selecting destination without a secondary information screen was found to be more useful than a mobile phone for destination selection combined with a secondary information screen.
The scale proposed by Van Der Laan et al. [33] also evaluates the perceptions of satisfaction with the different conditions during the study. A repeated measures ANOVA determined that the effect of device configuration on rating of satisfaction was significant (F(2, 38) = 4.271, p = 0.021) (Figure 12 ). Pairwise comparisons revealed one statistically significant difference. Tablet + screen was rated higher than Mobile + screen (p = 0.019). An onboard device for selecting destination combined with a secondary information screen was found to be more satisfying than a mobile phone for destination selection combined with a secondary information screen.
The subjective workload reported by participants via the NASA-TLX [20] attempted to indicate if whether there were differences in task load between the different configurations of screens used during this study. A repeated measures ANOVA determined that the effect of device configuration on rating of workload was not significant (F(2, 38) = 3.013, p = 0.061) ( Figure 13 ). This result shows that the device configuration setups available for the users did not affect workload. 
Tablet + Screen
Mobile
Qualitative data analysis
From the thematic analysis of the interviews, we organised the information themes, which were listed as possible recommendations for improvement as extracted from the interviews. The main ideas mentioned by our participants are shown in Table 2 . We suggest a few recommendations that could improve trust, usability, usefulness, satisfaction, and workload with fully AVs.
Interfaces
Twelve participants appreciated having detailed information about the ride on the tablet and/or the overhead letterbox display inbuilt in the vehicle. When compared to a handheld mobile device, the embedded screens were usually preferred. The information displayed on the interfaces was evaluated positively by participants: "it just gives you a bit more confidence, I think, having the information around you" (p09). The ETA seemed to reduce anxiety, outside temperature was considered useful, and the map was important because "it's reassuring that [the vehicle] is going on the right direction, it's going to where you said" (P01). Users also suggested more content for the screens, such as speed, points of interest, and a way to identify possible hazards such as obstacles and pedestrians. Five participants added suggestions to the ergonomics of the interfaces, such as a way to zoom in and out maps, and scale the screens so they are more adequate for small devices. One participant mentioned concerns around data privacy: if you are using the embedded screen to control the vehicle, the device will record your personal data, origin and destination.
Four participants mentioned concerns about connectivity between a mobile device and the pod, which would not be the case with an inbuilt interface. P04 describes their opinions about the tablet fixed in the vehicle: 
DISCUSSION
The three configurations of displays provided to participants did not differ in terms of trust in the vehicle. However, our participants mentioned that they still want to know details about the ride including a map of the route and related information. Even if they are not controlling the vehicle, they seemed to want to monitor its state via interfaces fitted inside Make it similar to other familiar transport modes Table 2 -Summary of qualitative themes as recommendations for improvements the vehicle. This finding resonates with previous literature, which indicates that information about behaviours and intentions of robotic agents can improve trust [8] . This finding is particularly important given the reduced level of trust in fully AVs in comparison to traditional human-driven cars [55] .
The different device configuration setups presented in this study did not affect ratings of system usability. They all seemed relatively easy to use, but participants mentioned they had preferences regarding usefulness and satisfaction. A tablet mounted in the vehicle combined with an overhead display was considered more useful and provided a better experience than a phone with the overhead display. When asked their reasons behind these preferences, participants mentioned they would not want to be holding their phones throughout the duration of the journey to keep track of the journey or to perform the required tasks such as changing the destination. Participants also mentioned that they wanted to have their phones free for other activities. This finding is in accordance with previous literature, which describes that personal devices are regularly used to pass the time when using public transport [38] and smartphone applications are capable of making waiting times seem shorter [50] . One interesting result was that the mobile phone without a secondary information screen was found to be more useful than with a secondary information screen. It may be explained by the fact that the overhead display contained convenient information, but without one, participants felt the mobile phone was useful, since it was the only means of monitoring the journey.
The differences in workload required by the tasks proposed during this study were not significant. Previous studies with automotive interfaces have not always indicated significant differences in the TLX index between conditions [2, 4] .
Given concerns of poor connection on mobile networks, users also stated that they trusted a wired or built-in device more than a mobile phone. A screen viewable by all occupants would benefit shared rides. Participants also referred to the mobile phone battery anxiety, which may occur if they have to rely solely on personal phones to interact with the vehicle. Having a fitted device would allow users to depend on the vehicle's battery, although our participants failed to consider the vehicle's battery life, which is a frequent concern [9, 48] in other studies.
The technology applied to AVs may allow the acquisition of knowledge about the environment and map possible hazards before humans can see them, especially with the potential to share data between vehicles and road infrastructure [30, 54] . There may be the opportunity to include anthropomorphism [8, 63] not only on the way the vehicle looks, but also trying to readjust the pod's driving behaviour so it seems more human. It is also possible to improve the information provided to occupants to assure them that the vehicle is aware of any upcoming hazards [59] .
With the implementation of vehicle automation, the occupants of future cars are becoming less involved with the driving tasks. It is anticipated that fewer interfaces will be required and less information will be given to occupants [22] . However, most participants appreciated having a tablet and an overhead display in the pod to monitor the journey.
Usually, a larger screen is better [14] , but there are still some questions about where should they be placed, and what information should it display.
Data privacy was seldom mentioned by our participants, but it still poses a risk since every activity in connected and AVs can potentially be recorded and consequently seen by other parties. When prompted, people can discuss about a number of issues such as hacking of AVs [61] . The design and manufacture of the car of the future should take in consideration concerns related to privacy and security, which seems to be largely neglected by the Automotive UI community [31] .
Limitations and future work
We understand that this research presents some limitations. The location chosen for the tests is a confined environment, which may give a false sense of safety to participants and therefore skew the results. The demographics of participants may not represent the target population for these vehicles, since we had mainly male able-bodied participants working for a car manufacturer. The general population could be invited to participate in future studies, with a more balanced gender and controlled age ratio, to evaluate the vehicles and their interfaces. Measurements of attitudes towards autonomous vehicles [32, 52] could also be used before and after the interactions.
The screens used during the current study presented only basic information such as map, destination, time and weather. Future study designs could include tests of more informative interfaces to indicate system transparency, hazard perceptions and future actions so users can forecast the vehicle behaviour [28] . Users may demonstrate different preferences when more content is displayed on the available interfaces. With complex interfaces and more information, it will be interesting to measure task load impact [20] before and after the trips and consequently understand how the levels of stress change due to the interactions.
More research is needed on the design of interfaces to understand adequate ways of providing information and giving basic levels of control for aspects such as the destination of the AVs. The ergonomics of the interaction is especially important considering that the current trend is for elderly and disabled people to be the major users of fully AVs [19] . The market uptake will be determined by the extent to which these systems perform safely, and to how much people perceive them to be trustworthy. It will be necessary to provide safe AVs in order to overcome hesitations [18] and improve the adoption of fully AV technologies [1] . Future research could evaluate how the interaction evolves over time, after repeated exposure to AVs and increased familiarity. With a longitudinal study design, participants may show changes in their patterns of interactions with the vehicle, as happens with other technologies [26] .
Future research could perform trials in more complex environments, with vehicles negotiating traffic, pedestrians, bicycles and street furniture. It could also involve abrupt events requiring emergency braking or roadworks and subsequent diversions. Other recommendations for future studies include video recording inside the vehicle and eye tracking to measure the level of engagement with the screens. It is also possible to simulate the ride share experiences to evaluate comfort and to test if passengers would prefer to use their personal phones rather than a shared tablet.
CONCLUSIONS
This study demonstrated that, in order to control the destination and interact with a low speed AV, participants preferred the inbuilt tablet combined with an overhead display. The devices fitted in the vehicle were more useful and more satisfying than a mobile phone combined with the overhead display. In addition, using a phone without the additional display in the vehicle was found to be more useful than a phone combined with the display. From the surveys and interviews conducted during this study, we propose a few recommendations to improve usability, user experience and trust in AVs. These vehicles should provide means for controlling the journey through built-in interfaces and not rely only on users' smartphones. Displays could also give feedback about how the systems are performing and explicit the vehicle's next actions. Attention should be directed to the usability and ergonomics of the interfaces, and data protection should be guaranteed. Finally, we indicate that more exposure to AV could reduce resistance and increase the chances of acceptance.
Results presented here give the Automotive UI community initial evaluations of the user interactions with interfaces in a pod-like AVs. The interfaces mediating the human-vehicle interaction evaluated in this study could be presented on diverse types of devices, displaying varied information, and having different connection styles. The design of these interactions face many open questions and more studies are needed to make sure the technology requirements are fulfilled, and more importantly, that user needs are met. There is the opportunity to explore these areas further with more research and ultimately improve the design of AVs and their information and communication systems. More studies are needed to make sure that vehicles of the future are easy to use, useful, provide a good user experience and are trustworthy.
